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Specific Instructions

Multiple Choice: Calculator and summary book allowed. Answer on multiple choice answer sheet

Extended Answer: Calculator and summary book allowed.
In all questions where a numerical answer is required, an exact value must be given unless

otherwise specified.
In questions where more than one mark is available, appropriate working must be shown.
Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Supplies and Equipment

Supplies: Please ensure you have the correct supplies/instruments for taking the examination before you
enter the examination venue (e.g. pencils, pens, calculator, ruler, etc). There will be no sharing allowed. No
other paper, etc. will be allowed to come in with you unless instructed as Specific Instructions. A clear bottle
containing only water is permissible.

At the Conclusion: Please wait quietly for specific instruction as to how you will be dismissed. Leave your
examination paper on your table. Pick up unwanted papers around you, push your chair under the table,
and put your rubbish in the bin on your way out of the examination room.
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Multiple Choice

Place answers on provided multiple choice answer sheet.

Question 1

Al{—s 11}
212 -3
Bl 3 —2}
2(-11 8
-8 11
C2
4
3 -2
D2
-11 8
-8 11
g L
A
Question 2
3 2 3 -11 16 21
IfA= .B= and C = ,and AX +B=C then X is
5 7 -5 2 35 70



Question 3
The matrix which describes the composition of mappings

. dilation of factor 3 from the x-axis
. reflection in the line y = x
. reflection in the x-axis

Question 4
05
A transformation described by the 2 x 2 matrix[ 3 0:[ maps the point with coordinates (a, b) to the point

(10, 20), where (a, b) is

A (4,2
B (-20,2)
C (-2, 20)
D (-2,4)

E (-20,-2)

Question 5

(2x2y4)3 C32xy

B(xy2 )4 l 9y°

is equal to

A 3xy
4.

B. 3x3y9
4

C. 9xy9
16

5.9

D. 9x°y

16 )

v 256x
27y



Question 6

3log, (2)+log, (5)-log, (1 0) is equal to

A. log, (a2 )
B. log, (1)
C.  log,03)
D. log, (4)
E. log, (16)
Question 7

Let f:[0,00) > R, f(x)=5"+3.
The range of fis

A. (=,3]
B. (3,00)
C. [3,0)
D. (4,0)
E. [4,0)
Question 8

For the function: g(x) = log;o(x — 1) + 2, the maximal domain is:

A. (—o0,0)
B. (—1,0)
C. (0, «0)
D. (1, )
E. (2, ©)
Question 9

The x-intercept of the graph of y =log,(3x+2) is

a2
5]
B. -1
o
C. a
L
3
E. =
I



Question 10

The population P of a regional centre is modelled by the function
P(1)=34500x107"" +23 000

where ¢ is measured in years and ¢ = represents | January 2017.
According to this model, the population of this regional centre over the long term will approach

A 11500
B. 23 000
C. 34 500
D 46 000
E 57 500

Question 11

To convert the angle % to degrees, it must be multiplied by

A. -
1 o
B. 80
I
C. T
360°
D. 2
180°
15°
E.
I



Question 12

The diagram below shows a unit circle.

-1 0 1

The length of the vertical dotted line shown, represents

cos(-6)
cos(d)
sin(r-6)
cos(7—0)
sin(20)

mEOws

Question 13

The temperature 7 (in degrees Celsius) in a controlled environment is given by the function,
T(t)=21+ 7sin(’1’—2t} [20

where 1 is measured in hours and =0 corresponds to 9am on Monday.

At 8pm on the same Monday, the temperature in degrees Celsius, is closest to

A. 213
B. 22.8
. 25:9
D. 26.6
E. 272



Question 14

A graph which has an amplitude of 2 and a period of 7 could have a rule given by

y=sin(zx)+2
v=2sin(7x)
y=sin{2x}+2
y=2sin(2x)+4

y= ﬁsin(iJ
2

Question 15

= ePOore

The graph of y=3cos(2x)—1 forx € R, has a minimum value of

A. 2
B. 0
C. -1
D. -3
E. —4
Question 16

The graph of the function y=—x*+4x—3 is shown below.

A tangent is drawn to the graph at the point (1,0). The gradient of the tangent is

HEOFEP
L) P = O W



Question 17

Given that g(x) = g+ 3/;, then g'(8) is equal to
x

T
96

B. >
4

C. 3

D. 5.8

E. 16.2

Question 18
Grain is being poured into a silo. The height A, in metres, of grain in the silo ¢ hours after it has started to be

poured in, is given by
W) =-1> +12t, t€[0,2]

The rate, in metres per hour, at which the height of the grain in the silo is changing when 7=1 is

A. 9

B. 11
C. 13
D. 15
E. 17

Question 19
The graph of the function fis shown below.

Which one of the following statements is not true?

A. £1(-1)=0
B. f(2)=0
C. £1(2)=0
D. f(=3)=0
E. £1(-3)=0



Question 20

. . 3 .
The instantaneous rate of change of the function y=— when x=-11s
X

A. -6
B. -3
C. 0
D. 3
E. 6

END OF MULTIPLE CHOICE



Extended answer
Working out required where appropriate
Place answers in the space provided on the exam paper.

Question 1 (12 marks)

An athlete straps her feet into the pedals of an exercise bike.
For the first part of her training session, the height A, in centimetres, of the right pedal above the floor, ¢

seconds after she begins pedalling is given by

h(t)=12cos(dnt)+24, t=[0,120].
The exercise bike is shown below.

right pedal

t
h
floor ¢
a. What is the starting height, in centimetres, of the right pedal above the floor? 1 mark

/

T =0, N (o) = 6

b. What is the mean height, in centimetres, of the right pedal above the floor? 1 mark
|Q 4- '\._, f%

c. Find the maximum height above the floor that the right pedal reaches. Express your answer in
centimetres. 1 mark

\—% o Crve

d. How long does it take for the right pedal to complete one revolution? Express your answer in
seconds. 9,211/ 1 mark
PC riod = 4
i
/._;4 fj € (ond

e. How many complete revolutions does the right pedal complete in this first part of the athlete’s
training session? 1 mark

A4 e vOluAean




f. What is the height above the floor of the right pedal 7.25 seconds after the athlete begins pedalling?
Express your answer in centimetres. I mark

g When will the right pedal be 18 centimetres above the floor for the first time? 2 marks
1% = 1] cCos (4T¢) +24
| ,
é = /Lﬁ DL LW d 5

The athlete stops and has a drink before resuming pedalling.

The height, in centimetres, of the right pedal of the exercise bike above the floor ¢ seconds after she begins
pedalling during this next part of her training session is given by the function

f{t)=12cos(4nt)+24

but this time she only pedals for 2 seconds before stopping; that is, 7 € [0,2].

h. On the set of axes below, sketch the function /. Label the endpoints clearly. 4 marks

f(cm)

41(0.52')_ -~ ?H’;Q\

3k &- - ),x“\ — — ,_\\_ SN~ SRR, (5§ i
f \ \\ :
g —r — p- e - sf -

24+ =F

i

t(seconds)

10



Question 2 (9 marks)

Let f(x)=(x—1)*(x~5)where0<x<6.
The graph of /is shown below.

J.
F
D

y=f(x)

v

The points A and D are the endpoints of the graph and points B and C are the x-intercepts of the graph.

a. Find the coordinates of
1 mark
i. point A.
( O  — 0 )
ii. point B. 1 mark
Lo )
iii. point C. I mark
( ‘:\) i ) )
iv. point D. 1 mark
(C. - " )
b. Find the range of /. 3 marks
‘J“ (:; B |
i e i [ 7775, 25

11



C.

Question 3 (14 marks)

Show that f(x)= f"(x) at point B. 2 marks

Point 6 o= | Fiex )efx*=2x +1){a-5

FiN=0 N N AT P

;{5
2 XY -TX* 2hix + X

Féri= 7613 ¢ f3) = AX" «ddn &1

f,(l) -:‘?)Xll - j4xt w11
O

"

Plants grown from genetically modified seeds are observed.
The average height p, in centimetres, of a batch of genetically modified seedlings ¢ days after they were

planted out is given by

L Q, bh) el

12

p(t)=2.8x5""""+4, 1 €[0.120]

For how many days were the plants observed? 1 mark
RO da gh
&
What was the average height of the seedlings when they were planted out? 1 mark
£ =0, P(o) = 2.% x| +4d
= o8 LA
What was the average height of the seedlings 100 days after they had been planted out? Give your
answer correct to two decimal places. _ I mark
Q-85 x a3
PCloo) - 2 3 X & + o

= 02(;; 6C? CV\

On the set of axes below, sketch the graph of the function p. Indicate clearly on the graph the

coordinates of any endpoints (correct to 1 decimal place where necessary). 3 marks
Py : )
L » Lizo, 3876

> ! (years)-
e [~ RN



e. Find the number of days it took for the seedlings to reach an average height of 10cm after having
been planted out. Give your answer correct to the nearest whole number. 2 marks
B.012 4

(O = A-BX S 4 B

E = 36 QYN

d

Find the average rate of change of p(7) between day 10 and day 60.

Give your answer in cm/day correct to two decimal places. 2 marks
f(60) - { (o) = O =127 ecrn ) oh6g
S J

= D ]a ey [dc\‘

d

Typically, these type of plants grown from genetically modified seed, reach a suitable height for harvesting
after the seedlings have been planted out for 100 days.

f. How many days after the seedlings have been planted out would they have reached half this
suitable height for harvesting? Express your answer correct to two decimal places. 2 marks
QQ) C‘q Qo -(L‘L i 0 oo -]‘./-')
1 . o013 't
-85 = d-B &% + 4

517 60 da4h

]

A batch of the same type of plants, but which had grown from non-genetically modified seed, was also
observed. The average height, in centimetres, of these non-genetically modified plants is given by

n(t)=2.8x5"+4, t €[0,120]
where ¢ represents the number of days since the seedlings were planted out and k is a positive, real,

constant.
The average height of these plants was 9 centimetres, thirty days after the seedlings had been planted out.

g Find the value of k. Give your answer correct to three decimal places. 2 marks
; — ok
e d: % Y 4%
[rz = D01

13



Question 4 (16 marks)

A display cabinet is in the shape of a triangular prism resting on top of a rectangular prism.
The framework of the cabinet is to be made from 800cm of timber. The framework, including dimensions in
cm, is shown in the diagram below.

.P'-H'\C"' .
! »  RyPeey
CL:(.SK‘)’- 4 (jll)t
. {
= X Ehz B8a% 4 P
6x 2 /
3 tAX c
ee— — = T & e ¢ Cz: 'BC’A
51! Fa L2 1SN
12x \ T
=1 - =
{20
a. Show that /=200-16x.
TL # 3% 4+ 8%% 4 9% 4 262 = POD
4L 4 g4 % = =00
4L = BOD -9 %L
L = 20D — | o K
3 marks

14



15

Hence, show that an expression for the volume ¥, in terms of x, of the cabinet is given by
V =8400x" —672x°.

\/: Avea S’Q ba2t % -P“'f‘ldl\-i.‘

Q +o
Boas > Trepezivm 5 Age.= by
Gl
V= (hx 5 ) % heighe
~ et

X463
T B e x (oo —jka )

= HIFE - [(2O5 -ibaY

z B4 O0O0x* - 321>
2 marks
Find the value of x for which the volume of the cabinet is a maximum.
CJlV/' . 2
dX = |6B800 x - A0l X
0 = (L3OO x —201b 3t (-~ 32)
0 > mavy - GBR*
Q- X (925 -6%1)
. , coaal
e cnl n = 63
= "2'5/))
2 marks
Find the value of /, in cm, when the volume of the cabinet is a maximum.
29
Whan X = /5 ( 2 ABS - &%
2

= don = jbX 43

GO2/ 40 C‘/

= 2= @&
z % ow G .6 ) cm
2 marks

Find the maximum volume of the cabinet in cm’.

Whet Y = 266

V= %400 x (ii/g,)‘ = 7L x (253/5‘)3

—

= 9444444 w7

2 marks



f.

16

On the set of axes below sketch the graph of the volume function given in part b.

V =8400x% — 672x°

Indicate clearly any intercepts, endpoints and turning points.

25, baad )

'L Diy
V(em®)
4

- 4 » x(cm)
O .L ‘f/ S’f
v, pr
-5 % I]- g
3 marks
Write down the domain and the range of the volume function.
A9 r, )
Domceen (0, 2
Rensge (o, 194444 ]

< 2 marks



Question 5 (9 marks)

2 0 —3
The matrix equation X'= 4AX + B defines a transformation where 4 = [0 } and B ={ } .

The curve with equation y = x* undergoes this transformation.

a. Show that the image produced is given by y = (x+3)> +2.

7/

X = A>:+E5'1 _
HENEAINE S
- [571-L2]

4 marks

¥ =gy -3 = A4 43
X743 Yoyg-2
X= 73 j: Bl
> Yy=x°
# PCoA Ty g
3:_ = (=)
eh- P
Maf = S8 =
5w BEAEY

g= Cxedd +s

b. Show that the equation of the normal line to the curve with equation y = (x+3)° +2 isy = g +5
when x = —4 3 marks
‘ N =
w}’ll/\- XK= "4’, éj: ( 4”'%) t L (._4)5).
- \7>
Y=FA*+6x+9¢+2 2 Y cTmx+t c
< ' I
L
% A A - / e T +E
d i
')6) =2 X + & ( AT a=% + L
A=-4, Jna = -2 \ G= =L g &
QrCd tadt -'»/7 nasrencl = ‘//- £ ='%D
I

17



c. Find the coordinates of the points of intersection of y = % +5andy = (x+3)?+2

X L .
PO.1. 7 45 =X 46x 41

2 marks

G s EEIB 233% = 2 X 32

a4 i
. ‘ B2 22% #0in 4 %
D3 [p1R _
Oz AT*% 4 82 4 314 )¢

= 21(X +4) +2(24)

(1 44)(2243)

P-Q./ w hoa~ 4T =4 LAD _5/’4

=> éj-‘-}fﬁ'y _ I

(-4, “‘5) cnd (7 72 4

END OF EXAM
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